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Figure 1. NASA F-15 Test Vehicle for PCA Research 

Figure 2. MD-11 Predicted Performance: PCA Control Offers Flight Path 

Figure 3. Propulsion Controlled Aircraft Program Schedule 
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Figure 20. FN - PLA Function Integrated with PCA Control Laws 

Figure 21. Linear - Non-linear Simulation Comparison 

Figure 22. PCA Control Law Block Diagram with Trim 

Figure 23. PCA Trim Switching Criteria 

Figure 24. PSC Control Panel 
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NASA - National Aeronautics And Space Administration 

NCI - Navigation Control Indicator 

PASCOT - Progr ammab le Asynchronous Serial Communication Translator 
PCA - Propulsion Controlled Aircraft 




VMSC - Vehicle Management System Computer 
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The test F-15 also has control system access through a cockpit control panel. This allows 
the pilot to change system parameters in the PCA software during flight testing. Such 
access was a significant aid during the PCA flight development and demonstration. 
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Flight tests were conducted by NASA in three test periods: 
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During the third test period, guest test pilots from USAF, Navy, NASA, and MDA were 
invited to flight evaluate the PCA design. Comments from these tests showed high ratings 
for the system and recommendations that the PCA concept be transitioned to transports 
and tactical aircraft as a backup to the flight control system. 
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2.1 F-15 Simulation Model Development 
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Figure 4. F-15 Longitudinal Control System Block Diagram 









then fit using a first order lag filter with a variable time constant. Engine rate limits wore 
incorporated and the result was a non-linear engine model that could be run real-time and 
was accurate throughout the PCA design envelope (Figure 7). 
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Figure 9. Joystick - Thumbwheel Comparison 
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Figure 11. Results of 4 Trade Studies 




Phugoid Dynamics 







-(0.0324 * 331.5/ -0.19 + 32.174) 7 57.3 = 0.425 Kp = -0.0324 * 331 .5/ -0.19 / 57.3 = 0.987 


Figure 14. Longitudinal Gain Determination 



Figure 15. Lateral Control Law Block Diagram 
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Figure 17. Longitudinal Control Law Gain Scheduling 




Differential 



= 2.68 * RGFAC ; VCAL < 160 kts 

= (0.0789 * VCAL - 9.942) * RGFAC ; 160 kts < VCAL < 200 kts 
= 5.84 * RGFAC ; VCAL > 200 kts 

Figure 18. Lateral Control Law Gain Scheduling 
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Figure 19. Low Order Engine Model at Design Point 





















•or. Because the error that was introduced was very large (pilots had not seen errors 
it large in flight), the system was judged to be sufficiently robust to the parameter 
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Fight Path 















data (Figures 25 and 26). The existence of the phase reversal caused a re-assessment of 
the control law. A velocity feedback path was added to improve PCA performance at the 
higher airspeed conditions where the inlet airflow effect was important (Figure 27). 
Characteristics such as the reversal due to inlet airflow have relatively minor effect when 
the nominal flight control system is operating, but have a more pronounced impact during 



Time (sec) 

Figure 26. Flight Test - Simulation Comparison 
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integrators are working to eliminate system biases. 








o 

O 

o 

o 

o 

o 

o 

I— 

in 


CO 

ZD 

CM 

CM 

CM 

< 


< 

ODC 

coh- 




Figure 29. PCA HUD Display 


2.5 Flight Simulator PCA Development 

The MDA, manned, real-time flight simulator in St. Louis was used extensively during 
development of the PCA system. The simulator was an important tool in executing many 
of the PCA design trade studies. Because propulsion-only control was a new concept and 



displays and flight test safety limits. 
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and a PCA uncouple. Finally, the CC monitored five status bits from each DEEC. The 
bits corresponded to the DEEC detecting: a UART failure, a wrap word failure, an auto 



h^H the capability to modify the parameters as desired. Figure 32 shows many of the 
parameters that could be modified. Thus, for the PCA flight test demonstration the 
normal navigation function of the NCI panel was changed to provide the necessary means 
to modify the system during flight experiments. The Hawk software continuously 
monitored the NCI and set internal parameters according to the pilot inputs. 
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PCA uncouple. The PCA envelope was defined in terms of the Weight-On-Wheels 
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focused on achieving a safe landing using the PCA system. Because these tests were 
demonstrations and not actual emergencies, a certain amount of confidence building was 





I p2 §1 

□ • ^ M \ 

J) P y w 1) 


<D 

o 

g 


i p ’a * 3 

^ . o> a> p 



<U 

g'l-gf. 

| 

■l i i 

1115 i 



OO 

<s 





developed, verified in the laboratory, installed in the aircraft, verified with an abbreviated 
ground test procedure and declared ready for flight testing by mid June 1993. 
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e of the hydraulic control surfaces still functioning but insufficient control for a safe 
ing. Blending of the PCA control with the remaining hydraulic control can provide 
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The NASA Technical Monitor at Dryden Flight Research Facility was Frank W. Burcham. 
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